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INTROMICTION

There are five major applications for clectrical insulators in the Refercence
Theta-Pinch Reactor (KIPR):

first-wall_insulator -- to stand off voltages generated during
impTosion Nicating

blanletl interseemoent insulator -- the continuation of the first-wall
Insutatov aleng 1hC €ides of coch sepment to provide paths for magnetic
flux penetration and to divide the implesion voltage

H_:m{:_i're-vncnpsmutinp. insulator -- to reduce eddy-current losses in the
anket

implosion coil _insulator -- to clectrically scparate magnet windings

compression coil insulator -- to clectrically scparate magnet windings.

The relationship of these insulators o the overall reactor design can be deduced
by cxamination of Fip. 1. 1In this report the Tive applications listed above are
described.
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Geomet Ty

FIRST-WALL INSULATOR

The original RITR design c2ils for a 0.3 mm-thickness of Ala0z hoaded
to 1 mm of Nh-1% Zr (Fig. 2). Subscquent designs have proposed a thin-
insulator version (Fig. 3), a continunusly-giaded Inminate (Fig. 4), a non-
bonded system (Fip. 5), an all-ceramic first wall (Fig. 6), an all-ccramic
segment (Fig. 7), axl bumper proteccion (Fig. 8).

Operating Conditions

AI

D.

.

radiation {iclds

1. ncutvons -- 8.1 x 1014 n/cm2 sec (ave), 8 x1016 n/c:mz seC ak
2.5 x 1022 n/an2 yr ’ (poak),

2. bromsstrahlung -- 72 J/cm? pulse

3. ionizine encrpy absormption rate in A1203 during burn -- 7 x ]08 Tad/sec

4. lonirine_cneray absomntion rate in Al+03 between burns --

v 2 x101 T/ scce

tomperatures

The base orerating temperature is v1000 K.  Temperature rises Jduring
a burn cycl2 for a momber of first-vull designs are piven in Tuble 1.
In all casc: it that of the bumper, temperatures return to the base
value bejor» the next pulse,

surroimding rxdium

The inner sirface will he exposed to I, T, and lle particles, the encipics
of which w: 1 have been deerided by the neutral pas blanket. Particle
enerpies, state of dissoviation, md state of ionization have not been
quuntificl. The outer surface will be in indirect contact with the
blanket coolint (probably liquid lithiwm): the intervening material

will he either a thick metal structure or & thin protect’ve metallic
layer.

SLresses

Miximm themlly-induced tensile and cornreszive hoop stresses for o
nmber of dezigns are piven in Table T, These vilues were caloulatad
by 1-D al 2-D finite clement analyses.  First-wall insulator stresses
from sources other than thermal throughput hine not been quumtificd.

clectrical roquironents

1. surface diclectric strenath -- 2 KWem (pulsed)
2. bl diclheetric strensth - 100 RW/em (pulsad)
3. hill vesirtivity - not defined
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Table I.

~ ReSULTS OF FIRNST WALL INSULATODR
dar:claces, PARATAETRIC STUDIES
MAX. TENSILE STRESS  MAX COMPR. STRESS

DES1GM TEMP. RISE. K*  (STRENGTH), Pax10  (STREMGTH), Pax10™3

1INAR 326 1.50 (1.75) 6ED M
(0.3 mm AL}
LARINAR 312 075 3900
(@1 mm 41,C,)
BU:.PER-ROTECTED 55 Q16 0.75) 0.67 M
ALL-CERARIC 450 . 315 45 (>10)
(5 m Si3h:4)
BLMPER (I mm 920
SOLID Al,0.)

*213se temperature assumed to be 1000K



k. lifetime

Althouph no definite lifetime requirement has been established, 1t
would he highly desirable that the first-wall insulator romin
operative until time for scheduled molule miintenance (perhaps

2-5 ycars). At that time, segments with faulty first-wall insulator
could be replaced or possibly repaired in-situ by a technique surch
as chemical vapor deposition.

Candidate Materials

It is premature to attempt to select candidate materials until sufficicent
data on long-tern radiation effects are on hand. On the basis of preliminnry
studies, 8ig\;, sialon, §1,0N., Y, A1LO,,, MAL0y, 2102, and Y,0; look promising.
The first three are strong™and thirual=Shock-résistant, and shm‘?d at least
Initially exhibit powd electrical propertices. The latter two are not so pond
in structural and electrical behavior, but may be adequatn. All scven show
low swelling at ~1000 K when irradiated to A3 DPA in IBR-TI.

Istimite of the Magnitule of the Probloms

A. materlal behavior

Knowledge of short-term hehavior (c.g., eloctrical and mechanical

effects) iz adequite to allow tentative estimates of mmterial performnce.
llowever, more data are needed to aliow such cstimates to be made with
confidence. long-tcim behavior camot yet be predicted, primarily hecause
of 1nck of inforratior on radiation- induced structural changes (which
affcect both electrical and mechonical performrnce) and on chemical
crosion, Juabrication and reactor operation variables are major
uncertainties in the prediction ol both short-term and long-term
hehavior, since they define tho quality of the starting material amd
operating comditions,

A ripgnificant increase in effort (perhips ton times that now available)
is ncedad to sunply answers to questions in the arcas of electrical,
structural, aml chemical effects.  The most criticai task 1s proper

:‘iunu]ution of nigh levels of fusion recuctor-induced structural radiation
amapec.

In order to bhesin constructlon of an experimmtal power reactor (not
RITR) by 1985, choice of the first-wall insulater should be made by
Z1081. A simitar tiwe schadule would be requirad forr the other
insulators Jescribed in this report.

B. [abrication

Technigques for fabrication of the first-wall insulator are recelving
littie attention today, but probleas appear to be major. Work in this
arca shoul:l Eesin is soon as pousible, se that studies can be carriod
out on instlarors mude hy realistic fabrication metheds.  Lffort should
be nut into extereline fabricatlon stiate-of-the-art vhere necesairy,
Not only the Insulator material, It technigques for its fabricat.ion,
mist be ready by 1981,



C. resource availability

Most iusulators are made up of combinations of Si, Al, Mg, O, and N,

all of which are plentiful. If such materinls as Y,0; and T hecune
serious contcnders, the availability of the metallic éonstnucgts should
be considered.

Dependence of Tnsulator Requirements on Reactor Nesion and Operating Parameters

First-wall insulator requirements are strongly tied to reactor characteristics.

Somc of these arc:

duty factor

hurn duration

Iiplosion heating voltage

first-wnll desipn

mmber of scgments per module (now 100)

maintenance schiecdules

uniformity of wall loading

gas blanket Lchavior.
The {irst-wall insulntor can be fully developxd only after those reactor paramcters
which affect the insulator are couplctely speciMied.



BLANKET INTERSEGMINT TNSULATOR

(‘mt_:_'g

The originil RITR design called for a 0.3-mm-thick insulating layer hondwd
to the Nb-1% ZIr sides of cach sepment.  Free-standing plates with attached first-
wall insulators arc also under consideration (Fig. 5). With an all-ceramic
design, the i.tersepment insulator is part of the scgment structure (Fig. 7).

Operatiny Conditions

A. radiation ficlds

1. ncutrons -- a8 x 10'*n/em? scc (ave) at innermost Tegion,
M X I0 Y n/em? sec (ave) at ocutermost reglon.

2. fonizing cmerey_ahsorption rate in M:05 durine hurn -~ a2 x 107
rad/so¢  (Tnnermnst)

3. donizing enerev ahsomt iom vate in Alang hetween burs -- 2 x 104
TAd7s6¢ (imerost)

B. tcwperatures
The initial hase operating teapoeratwre is a1000 K3 this rises«300 K
during achlovesent of steady-state comditions,  ‘lemperature pracdient
across the intersepment insulator is less tlem that across the lirst
wall.

C. surrounding weditm
Th outer surfice will - in contact vith low-pressare D7 pas (10 6l ).
The fmner surface witl be cither Bombal to, or in mechanical contact
with, the sopment structure or contents. With an all-corumic seorem
deslpn, a thin protective metallie layer my be required on the inner
surface.

D, stresses

Interseyment in ulator steceess: have sot een caleuited, but are
thouphe  to e dower thae thone ingeeesd on the Foest wali,

e celectrical regnirensnts
1. bulk dielectric strencth -« 100 LW/om (pulaad)
2. bull resistivity w105 w2-om (puleasd)
3. surface diclectrn stienth -2 not defined
E. lifctime

Althouph o delinite Lifotime mquinenent has e entabliszhed, it
would e hipghty desdvable that the mters cemont insolator vemiin



onerative until time for scheduled module maintanense (perhaps 2-5
yoars).

Candidate Mncrials

The comments on candidate materials In the section on the first -wall insulattor
arc penerully applicable here.  Since strenpth and thermal shock resistance
requirements are expxeted to be Jower for the interscement insulator, a wider
variety of materials, including glasses, can be consideroed.

Estimte of the Mirnitwle of the Prabloms

Conments in the section on the first-wall insulator are applicable here.
In general, results from First-wall insulator studics could be used to develop
the intersepent insulator.  In some specific arcas (e.g., effeet of cracking
on reiactor perfonmemce), <cparate investigations mlpht be requiraed.

Nepodence of Tnsulater Reguirements on Reactor Desizn and peraring Parameters

Remarks on thiz subject in the vecvion on Uk First-wall insulator are
generally applicable here,



GRAMILTE-INCAPSULATING  TRSULATOR

GecometTy

. The two graphite "logs" in cach scpment of the RTIR aro camned in a
laminate of 1 mm Nb, 0.3 m Mz(-'_s' and 1 mm Nb.

Oncrating Conditions

A. radiation ficlds

1. noutrons -- o X l(l14 n/‘cmz sec (ave) at immermost replon, 8 x ]()13

/e scc (ave) at outemmost region.

2. Joniving encrov qhsomption rate in Al A0 thirine burn -- ~] x 107

Tal/sec (Annemost)

3. donizine enerev_ahsomtlon vate In ALO; hetween burns == »1 x 104
ad/see Tinneost) T TTmThr T

K. tonperntures

Comment: in the section on the blanhet interseerenl insulator are
penerally applicahle here.

C. surronding mditen
The insulator .5 metal-clad,
. S nes
Strest - for the encacs=alat inge Insalator have not heen calenliatod, bt
are oxpecbiad (o e Baree 00 dil ferential swelling of praphite or
niohitn is sipnifioont,
L. clectrieal regquiiement s
I. hulk .Iivh-_.'lliu'_ strensth - small (Ie7)
2. Imll._ reddietivity - - not deline
E. Titetiue
The corments on lilfeties in the section on the interacpment inalator
are scneral v applicable hers, Graphite "logs" amd the encapaalat ing
Innalator wonld be replaced a0t .,
Ganlidate Maerials
The comrents on camdidate materials in the seetjon on the Fiest wall
inalator e eencrd v aonplicable here, For this Tow volGase G application,

an it ubitor pesistant o pobarecation (oen meeataon) is opeeded, A elasine
inulator which conld Jdetorm to accommalate swelling stre cass might bhe ntilized,



listimite of the Mienitwde of the Problems

Comoents in the section on the first-wall insulntor are applicable here.
In general, results from first-wall insulator stwlies could be used to develop
the encapsulating insulator. lowever, special requirements such as those just
mentioncd mist be considered separately.

Icapsulating insulator requirements are dependent on detnils of blanket
desipgn, material choices, and mintenimee schedules.  Theso mist he fully
defined hefore a final choice for this insulator can he mde.



Geometry

IMPLOSTON CO1IL TNSULATOR

The implosion coil is made up of a mumber of ceramic bodies of a '"top hat"
configuration, stacked el to end. Ribhon-type clectrical leads are bonded
to the surface of cach body and covered with ceramic or glass 1o suppross
surface tracking.

Operating Conditions

A.

.

radiation ficlds

1. ncutrons -- a6 X 10"? n/cm2 sec (ave)

2. fjonizine cnerev sbrorption rate in A1.0; during burn -- 4 x 100

Tad/sec (imeriont)

3. donizing enerev .|h-p_n\_l_|_o_|_|__1nto 1n "_\1 ,0 h_':_tl\'v_o_n bures - ad X I()3
rad/sec (imeraost)

temperatures

The inplosion ¢oil is thermally insulated from the blanket and is
gas-ceoled; it will operate near room tenperature,

surrounding medius

The implosion coil will he in a nominal vacwun environment .,

stresses

Mxlerate stresses Crom mapnetic Field effedts are expectad,

clectrical requiremsnts

1. bull diclectyic streneth - - 100 AV/em (oulsed)

Tifetine

No definite Tifetime requireresnt has been set. 1 b anticipated that

the implosion coil vill have a lonper Tifetime than will other
component s of o gondle,

_(‘._'l_ln_:l_i_t_l_u_l o Miter in I

No imulator stidies have been condoeted to late for this application,
I ds anticipited that a neaber of ceranies willl e able to meet the electrieal
and Omctural requirenents and show adegquate resistance to the mderate radiation

ficlds.

AI

muterial behavior

It ois anticipated that onlv o modest amomt of R G D will be required
to develop materials for this applicat won,



B. fabrication
Fabrication problems will be non-trivial, but appear to be resolvable.
C. resource availahility

Comments on this topic for the first-wall insulator are applicablc here.

Dependence of Tnsulator Requircments on Reactor Tkesion and Operating Parameters

DIimplosion ¢oil insulator electric 1 requirements  depend on the desired
characteristics a1 the implosion heating system, which are still under study.



Geometry
The

COMPREESSTON COIL INSULATOR

coil is made wp of windinpgs of Cu-IZr alloy interleaved with ceramic

insulator (axechanical contact). The insulator may be in either bulk cor fabric

{fora.

Operating Conditions

A. radiation ficlds
1. ncutrons --  [rom "5 x 1013 n/gm2 sec (ave) at innermost Jocation
to ¥ x 1011 n/em? sec (ave) at outermost locatjon
2. jonizing cacimy ahsormtion rate in Al,Q. durine bumn -- 2 x 108
Tad7sc¢ (e riost)
3. donizing encrey ahsarntion rate in Al20; hetween ums -- 2 X 103
Tad/Sec (i 1iost T
B. tomparatures
The coil will be liquid-ceoled, and operate near room temerature,
C. surrc: ‘ing medivm
The insulatorwill be incontiact with the cmcuctor and the liquid coolant
(the latter not yet speciliad).
D.  stresses
Insulator stresses have not yet been calculated, but could be high.
Magnet design sheuld be chosen to minimize such stresses.,
L. eclectrnical reguires:nt s
Diclectric streneth required is a function of maenet design, which has
not yot been fixed,  However, electric ficehds are eapected to be -|||.|II
Fo lifetime
The compression coil should st w20 yoars,
Condidate Hiterials

No insulator studics have been conducted to date for this application, It
is anticipated that a nber ol coramics willl be able to meet the strensth
requiirement s, civen proper menet desiong and show adequate resistanee to the

mulerate
Eastimate

AI

rdint ion Cichde,  Llectrical requirenents are nodest .,
of the Maepitule of the Problems

miterial behanior

It s anticipated that only a modest amomt of B § D will be requireld
to develop miteriials tor this application.



B. falwication
No major fabricationproblemsare anticipated for this insulator.
C. resource availability

Conments on this topic for the first-wall insulator arc applicable here.

Nependence of Insulator Ryuirements on Reactor Desien and Mneratine Parameters

The compression coil  insulator strength recuirerent is strongly dependent
on the mechanicul design of the coil, and on mygnetic field strengih desired.



